Polyurea is a polymeric material that can be used to provide environmental protection and structural enhancement. In this study, a low modulus polyurea coating, having high elongation and energy absorption capacities and a fast gel time, was sprayed under field conditions onto the surfaces of High-Performance Cementitious Composites (HPC2). Flexure tests were conducted to measure toughness so that predictions could be made regarding the impact performance of two uncoated and coated matrices: one containing Poly(vinyl butyral) (PVB) as the only aggregate, the other with Poly(vinyl alcohol) (PVA) fibers added for reinforcement. Results from the flexure tests showed that encapsulation by plain polyurea increased the flexural strength of specimens by at least 60%. Results from drop-weight tests showed that the PVA fibers helped to improve impact resistance. A visible reduction in damage was seen when polyurea was applied to one surface; more so by coating the tension side opposite the striker. Coating both surfaces further increased impact resistance. 
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78
The polyurea was sprayed onto test specimens at a pressure of 414 kPa with a
79
"Voyager" cold spray system also manufactured by Creative Material Technologies, Ltd. The The coating thickness was adjusted by controlling the pressure, offset distance, and 83 exposure time. At first, producing a consistent thickness between specimens and even on a
84
given specimen proved challenging. However, after using a wet film thickness gage to 85 measure the thickness at one or more points during practice runs, the process was refined so 86 4 that a 0.76 mm thickness was achieved. relatively small sample set.
109
Four cementitious panels (two for each mix) were fabricated to produce the plates.
110
Molds were constructed by nailing 1.27 cm thick pine rails to plywood that was covered with 111 5 PVC plastic film. The final dimensions of each mold were 61 cm x 301.5 cm x 1.27 cm.
112
The mix was placed in each mold and the mold was vibrated to help fill it evenly.
113
The molds were loosely covered with plastic and allowed to cure for three days after which 114 the panels were removed and placed in water to finish curing. After 28 days the panels were 115 removed from the water bath and allowed to dry for one day before cutting. Each plate was 116 cut using a table saw into the final dimensions: 61 cm long x 10.2 cm wide x 1.27 cm thick.
117
Flexure tests were conducted in accordance with ASTM C78 (ASTM C78/C78M-10 118 2010). As illustrated in the photos shown in Fig. 1 , each specimen was tested to failure over a 119 46 cm span with supports placed at 15.3 cm apart. In this configuration, the central section is 120 subjected to pure bending; the top surface of the plate is in compression and the bottom 121 surface is in tension.
122
Strain was measured in the central span using strain gages while a load cell was used in the critical section, the centroid begins to shift toward the compressive side of the beam.
146
The moment of inertia decreases as stress is progressively transferred to the coating where 
151
Looking at the plots in the insert in Fig. 2 , the stress-strain responses of the uncoated 152 plates were both fairly linear to failure. It can be seen from the extended curves that the 153 addition of the polyurea coating allowed the plates to sustain significantly higher strains 154 especially when PVA was added. Strain hardening is prevalent in the plots corresponding to 155 the coated specimens, much more so in the PVA specimens.
156
Referring to Table 2 , the addition of PVA fibers to the PVB mix lowered the elastic (1) associated with the PVA fiber mixes.
162
Referring again to 
Drop-Weight Tests

174
Specimens were also fabricated from the mixes in Table 1 
178
During the tests, a square rectangular composite plate was subjected to an out-of-179 plane, concentrated impact using a drop-weight device having a hemispherical impactor.
180
Specimens were supported along their outer edges and clamped near the corners. A 5.35 kg impactor was constructed by placing a steel rod with the desired mass within a PVC pipe.
182
The end of the rod that served as the striker had a smooth hemispherical tip with a diameter 183 of 16 mm and a hardness of 60-62 HRC.
184
The impactor was guided through a larger PVC pipe so that it could be dropped 185 onto the test specimens from different heights. Assuming that no friction loss occurs bet
ween the impactor and the outer PVC pipe, the impact energy, E i , is given by: The last column in Table 3 denotes whether the plate failed ("F") due to cracking, or (PVA Fiber #2 in Table 3 ) was rated "F" while the coated specimen shown in Fig. 4b (PVA
209
Fiber #4) was rated "P". Note that even though the coated PVA specimen had no visible 210 cracks on its upper surface (see Fig. 4b ), they are clearly visible on the lower surface (see Fig.   211 4d).
212
Referring to with PVB (see Table 3 ).
218
With regard to the coated samples, at a drop height of 1.83 m, the cracks were barely 
234
The results of the study are listed in Table 4 . The last column reports the condition 235 of both the upper and lower surfaces; again, "F" corresponds to failure as evidenced by 236 cracking whereas "P" corresponds to a successful test during which no cracks were observed.
237
If this rating system had been applied to the plates tested in the preliminary study and applied
238
to the specimens shown in Figs. 4a-4d , the ratings would have been F, P, F, and F, respectively.
240
Returning to Table 4 , Section (a) pertains to specimens made with the PVB Mix, 
257
The fact that both surfaces of PVB Fiber #3 and Fiber #4 failed is significant, with the uncoated substrates.
262
There was not enough energy transferred to the coated plates to make any conclusion 263 regarding whether coating both surfaces is preferable to coating just the lower one, so Table 5 .
267
In both cases, the specimens that were coated on both sides passed the test while 
295
-On average, the percentage increase in flexural strength due to the addition of the 296 plain polyurea coating was 68% for the PVB mix and 60% for the PVA fiber mix,
297
indicating that the PVA mix was stronger than the PVB mix to begin with.
298
-The addition of the plain polyurea coating allowed HPC 2 plates to sustain higher 299 strains especially when PVA fibers were added; strain hardening was prevalent in the 300 stress-strain plots; much more so when the fibers were added. Bottom P / P PVA Fiber #6 Bottom P / P PVA Fiber #7 Both P / P PVA Fiber #8 Both P / P *F corresponds to failure due to cracking ** P corresponds to a pass where no cracks were observed Both P / P *F corresponds to failure due to cracking ** P corresponds to a pass where no cracks were observed Table 5 Click here to download Table: Table 5 
